Introduction: Prenatal corticosteroids reduce neonatal mortality and morbidity; however, there are few studies in developing countries, and with inconsistent results. The purpose of this study was to quantify the frequency of the use of prenatal corticosteroids and to estimate its effect on the morbidity and mortality of premature newborns. Methods: A retrospective cohort study was performed on premature newborns selected from a census conducted between January 2016 and August 2017. The use of corticosteroids was taken from the maternal records, and the dependent variables from the neonatal records. An analysis was made of the relationship using logistic regression, adjusted to gestational age and weight. Results: The study included 1083 premature infants of which 53.3% were male. The mean gestational age was 33.4 weeks. Corticosteroids were received by 42%, with latency ≥24 h in 23.6% and ≥48 h in 13.8%. 
Introduction
In recent decades, the risk of death during the neonatal period has decreased by 28% worldwide from 33.2 to 23.9 deaths per 1000 live births, 1 although the number of deaths continues to be higher in low-income countries. 2 One of the interventions proposed for performance during labour with the aim of reducing neonatal mortality is administration of antenatal corticosteroids. 3 The administration of corticosteroids is mainly recommended in women at risk of preterm birth before 34 weeks' gestation, 4 ---6 but beneficial effects have been described even in late-preterm newborns. 7, 8 There is evidence that their administration significantly reduces the risk of perinatal death, respiratory distress syndrome (RDS), intraventricular haemorrhage (IVH), necrotising enterocolitis, retinopathy of prematurity, systemic infection, 9---11 neurodevelopmental abnormalities and cerebral palsy, 12 but most studies have been conducted in first world countries, so the outcomes in developing countries could be different. 9, 13 The corticosteroids that cross the placental barrier and may be used for this purpose are betamethasone and dexamethasone. 5,14---16 Their effect peaks 24---48 h after administration, 6 but some authors have described the use of incomplete courses or schemes with a short interval between doses with inconsistent results. 17 The aim of our study was to measure the frequency of the use of antenatal corticosteroids and estimate their effect on the morbidity and mortality of preterm newborns in a neonatal care unit in western Mexico.
Methods
We conducted a retrospective cohort study at the Hospital Civil de Guadalajara Dr. Juan I. Menchaca (HCGJIM) in the city of Guadalajara in Jalisco, Mexico. Our hospital provides health care services to the uninsured and low-income population. The department of obstetrics includes the labour and delivery unit (12 beds, 3 operating rooms and 3 delivery rooms) and the inpatient unit (91 beds); the department of neonatology includes 18 neonatal intensive care beds and 57 intermediate care beds.
We selected patients from the cohort of patients documented in the records between January 25, 2016 and August 31, 2017, which include information on the demographic and clinical characteristics, morbidity and mortality of all children born in the hospital (date of birth, sex, gestational age, 5-minute Apgar score, mode of delivery, use of antenatal corticosteroids, death during hospitalisation, cause of death, maternal risk factors for neonatal infection and maternal age).
From this study universe, we selected the newborns delivered before 37 weeks' gestation that were admitted to the neonatal unit after birth, excluding newborns transferred from other units in the hospital or born outside the period under study. We calculated the sample size needed to identify an OR of 0.5, 9 assuming the known proportion of death in hospitalised newborns in our hospital of 12.5%, 18 for an alfa of 0.05 and a power of 0.80.
We made a retrospective review of maternal records to obtain data on the prescription and administration of antenatal corticosteroids (type of corticosteroids, dosage, number of doses and latency period; latency period was defined as the number of hours elapsed from administration to the first dose of corticosteroids to the time of delivery). The drugs were prescribed by the gynaecologistsobstetricians of the hospital in compliance with the clinical practice guidelines of the Secretariat of Health (betamethasone or dexamethasone, 2 intramuscular 12 mg doses given 12---24 h apart). 19 We reviewed the health records of the newborns to find out whether they presented any of the following during hospitalisation: RDS, IVH, early-onset neonatal sepsis (EONS), late-onset neonatal sepsis (LONS) and chronic lung disease (CLD).
Definitions
We obtained information on RDS, IVH, EONS, LONS and CLD from the patient health records. The physicians in charge of the patient made the diagnoses according to the following definitions:
-Respiratory distress syndrome: progressive breathing difficulty from the first minutes of life with increasing oxygen requirements and radiologic findings associated with increased alveolar surface tension. -Intraventricular haemorrhage: bleeding confined to the cerebral ventricles, diagnosis made by ultrasound scan performed by a radiologist and severity graded according to the Papile classification. -Neonatal sepsis: presence of microbial growth in culture of blood or cerebrospinal fluid (CSF) samples from the patient and clinical manifestations suggestive of infection. In cases where the bacterium isolated from blood or CSF was coagulase-negative Staphylococcus, diagnosis required 2 or more positive blood cultures or detection of abnormal white blood cell counts and glucose levels in CSF analysis. Sepsis was classified as early-onset if it manifested in the first 72 h of life, and as late-onset otherwise. -Chronic lung disease: oxygen dependency at 36 weeks of postmenstrual age or at hospital discharge in preterm newborns delivered before 32 weeks' gestation; in patients delivered at 32 weeks' gestation or later, it was diagnosed if they were oxygen-dependent for more than 28 days post birth. -Cause of death (primary cause): illness or lesion that started the chain of pathological events that led to death.
It was assessed by 3 paediatric neonatologists and the cause was assigned if there was agreement in 2 or more of their opinions.
Statistical analysis
We performed a descriptive analysis of the total sample and then we classified the cohort according to the history of antenatal corticosteroid administration. We summarised qualitative variables as absolute frequencies and quantitative variables as mean, standard deviation (SD) and range. We compared proportions with the chi square test or the Fisher exact test and means with the Student t test or the Fisher exact test. We defined statistical significance as a P-value of less than .05. We analysed the association between administration of antenatal corticosteroids and the dependent variables by means of the chi square test, followed by a logistic regression analysis in which we adjusted the groups by birth weight and gestational age. We performed these analyses for the overall sample and for the subset of patients born before 34 weeks' gestation. To analyse the impact of corticosteroids across time, we performed a survival analysis, plotting Kaplan---Meier curves and using the log-rank test for hypothesis testing.
We used the IBM SPSS Statistics software version 20 for the analysis. The project was approved by the ethics and research committees of the HCGJIM under file number 0184/17.
Results
During the period under study, the unit admitted 1083 preterm newborns, 53.3% (n = 577) male, 46.4% (n = 503) female, and 3 with ambiguous genitalia. Their mean gestational age was 33.4 weeks (maximum, 36.6; minimum, 24; SD, 2.73); 46.6% (n = 505) were born before 34 weeks' gestation and 25.3% (n = 274) at or before 32 weeks' gestation. The mean birth weight was 1765.1 g (maximum, 3775; minimum, 410; SD, 606.8). Of all newborns, 70.7% (n = 766) were born by caesarean section.
Antenatal corticosteroids were given to 42% of the sample (455/1083): dexamethasone to 76.9% (n = 350) and betamethasone to 23.1% (n = 105); the full course of treatment was only completed in 61.3% of these patients (279/455). Of all newborns delivered before 34 weeks' gestation, 53.7% had been exposed to corticosteroids (271/505).
In our sample, 35% (n = 379) of newborns developed RDS, 4.4% (n = 48) EONS and 10.7% (n = 116) LONS. A transfontanellar ultrasound was performed in 83.8% (n = 908), which led to identification of IVH in 15.1% (137/908), the severity of IVH was grade i in 33.5%, ii in 27%, iii in 23.4% and iv in 16.1%.
The length of stay was of 28 days or longer in 29.6% of the sample (n = 321); within this subset, 51.4% (165/321) had CLD. We ruled out CLD in all preterm newborns discharged before 28 days post birth, as they were all discharged home without a prescription for supplemental oxygen.
The mortality in our sample was 22.3% (n = 242), and the leading causes of death were infection (28.9%; n = 70), respiratory distress syndrome (23.6%; n = 57), congenital malformations or genetic disorders (20.7%; n = 50) and intraventricular haemorrhage (8.7%; n = 21).
When we compared gestational age subgroups (<28 weeks [n = 50], 28---32 weeks [n = 224], 32.1---33.9 weeks [n = 231] and ≥34 weeks [n = 578]), we found significant differences in mortality (94%, 44.2%, 17.3%, 9.7%; P < .001); respiratory distress syndrome (76%, 77.2%, 38.5%, 13.7%; P < .001); chronic lung disease at 28 days post birth or later (42.9%, 56%, 21.2%, 7.6%; P < .001) and intraventricular haemorrhage (66.7%, 35.7%, 9.3%, 6.1%; P < .001).
When we compared the clinical and demographic characteristics based on the administration of antenatal corticosteroids, we found that patients that received this intervention had a lower gestational age and weight at birth and were more likely to have been delivered by caesarean section and have mothers with risk factors for neonatal infection (urinary tract infection, chorioamnionitis, premature rupture of membranes or fever during labour) ( Table 1) .
The analysis of the frequency of RDS, EONS, LONS, IVH, CLD and death by antenatal corticosteroid use did not reveal a protective effect of this intervention, regardless of the administered dose or schedule; in fact, we found an increased incidence of RDS, IVH and in patients exposed to corticosteroids (Table 2 ). When we analysed the outcomes of this intervention adjusted for gestational age and birth weight for the total sample and the subgroup born before 34 weeks' gestation, we only found a reduction in mortality (37%) in newborns delivered before 34 weeks' gestation (Table 3 ).
In the group of patients exposed to corticosteroids, 51.9% (236/455) had latency periods of 24 h or longer, and only 32.9% (150/455) of 48 h or longer; in 32 patients, the health records did not have the information necessary to estimate the duration of latency. When we compared patients that received corticosteroids with a latency of 48 h or greater and patients that did not receive corticosteroids, we found a decreased risk of death (60%) in patients that received corticosteroids born before 34 weeks' gestation, without other significant effects on the remaining outcomes (Table 4) ; we also found a protective trend that was not significant on the incidence of IVH of grades iii and iv in patients born before 34 weeks' gestation (OR, 0.35; 95% CI, 0.11---1.07; P = .06). When we analysed the dependent variables in relation to a latency period of 24 h or more, we found no differences in outcomes when we compared patients treated with corticoids and untreated patients.
We did not find significant differences in morbidity and mortality between patients with latency periods of 48 h or longer treated with betamethasone vs dexamethasone, although there were few patients in this subset.
We used Kaplan---Meier survival analysis to assess the effect of antenatal corticosteroids in the survival of preterm newborns admitted to the HCGJIM, and found that the intervention was most beneficial in infants born before 34 week's gestation with latency periods of 48 h or longer (Fig. 1) .
Discussion
It is estimated that 10% of infants worldwide are born preterm, 20 and that this group has a greater morbidity and mortality compared to full-term infants. 18 In Mexico, based on this proportion and the number of births recorded between 2014 and 2016, 21 there would be an average of 237 000 preterm births per year. Table 3 Morbidity and mortality in hospitalised preterm newborns and in the subgroup of newborns delivered before 34 weeks' gestation by use of prenatal corticosteroids (adjusted for gestational age and birth weight using logistic regression). Table 4 Morbidity and mortality in hospitalised preterm newborns and in the subgroup of newborns delivered before 34 weeks' gestation by use of prenatal corticosteroids with a latency period of ≥48 h (adjusted for gestational age and birth weight using logistic regression). Comparison of patients exposed to corticosteroids with a latency period of ≥ 48 h vs patients not exposed to corticosteroids. b Only includes patients that underwent a transfontanellar ultrasound scan (n = 642/n = 258). c Only includes patients aged more than 28 days (n = 216/n = 142).
Since 1972, there has been evidence that in preterm newborns, antenatal exposure to corticosteroids reduced the risk of neonatal death through their acceleration of foetal lung maturation, 4 ,9 yet to date adherence to the recommendation of this intervention has been variable. In our study, we found that fewer than 50% of preterm newborns had been exposed to antenatal corticosteroids, and that only 25.8% had received the full course of steroids and only 13.8% the full course with latency periods of 48 h or longer.
A trial conducted by Berrueta et al. 22 in low-and middleincome countries revealed that despite the existence of guidelines for antenatal corticosteroid therapy, this intervention was only performed in 2% to 44% of mothers of preterm babies, with the lowest frequencies found in African countries.
Aleman et al. 23 found that in Mexico, 70% of women in preterm labour received antenatal corticosteroids, and that this proportion was lower in the group of mothers with comorbidities (39---62.2%). In addition, the frequency of antenatal corticosteroid therapy was significantly higher in El Salvador and Ecuador.
Roberts et al. found that antenatal steroids, compared to placebo, decreased the risk of perinatal death (RR, 0.72, 95% CI 0.58 to 0.89), respiratory distress syndrome (RR, 0.66; 95% CI, 0.56---0.77), intraventricular haemorrhage (RR, 0.55; 95% CI: 0.40---0.76), and systemic infection in the first 48 h post birth (RR, 0.60; 95% CI: 0.41---0.88). They concluded that there was sufficient evidence to recommend this intervention; however, given that most studies have been conducted in developed countries, there is little evidence on the outcomes of this intervention in low-income countries, where the incidence of infection is high. 9 Previous studies suggest that the greatest benefit of antenatal corticosteroids is achieved when birth occurs 24---48 h after the administration of the first dose. 6, 24 In our study, we found a significant decrease in the risk of mortality (37%) associated with the use of antenatal corticosteroids in the group of patients born before 34 weeks' gestation, and when we analysed the specific subset with a latency period of 48 or more hours, we found an even greater decrease in risk (60%); we did not find statistically significant differences in the incidence of RDS, EONS, LONS, IVH or CLD.
It is likely that in our patients in the HCGJIM, the limited impact on neonatal mortality was due to the low proportion of preterm newborns that had been subject to this intervention with latency periods greater than 24---48 h, although it would be necessary to evaluate the effect of other interventions, such as prenatal care, the treatment of maternal comorbidities, the appropriate delivery of neonatal intensive care, the administration of surfactant and the prophylactic use of caffeine. Survival of hospitalised preterm newborns (n = 1083). Preterm newborns exposed to corticosteroids vs not exposed (n = 1083), P = .30 (log rank). Preterm newborns treated with corticosteroids with a latency period ≥48 h vs not treated with corticosteroids (n = 778), P = .34 (log-rank test). Preterm newborns born before 34 weeks that received corticosteroids with a latency period ≥48 h vs preterm newborns <34 weeks not treated with corticosteroids (n = 310), P = .009 (log-rank test).
When we assessed the effecs of the intervention by gestational age groups without adjusting for any other variables, we found the greatest benefit in newborns delivered between 32 and 33.9 weeks' gestation (n = 231) in terms of a reduction in neonatal mortality (OR, 0.41; 95% CI, 0.20---0.85). We did not find significant changes in mortality in any subgroup. Our findings were consistent with those of Gyamfi-Bannerman et al., 8 who did not find changes in mortality in late preterm newborns in association with exposure to antenatal corticosteroids; however, these authors did observe a reduction in the incidence of respiratory disease.
Norman et al. 25 evaluated the effect of antenatal corticosteroids based on the time elapsed from administration of the first dose to birth and found a stronger impact on mortality when the latency period was greater than 24 h (OR, 0.5; 95% CI, 0.4---0.6). Nevertheless, their findings suggested that a latency period of 3 h can already reduce risk (26%). The authors did not find any decreases in morbidity in patients with latency periods greater than 7 days.
In a study of low-and middle-income countries, Althabe et al. 26 did not find a decrease in the risk of neonatal death (RR, 0.96, 95% CI, 0.87---1.06) after increasing the frequency of administration of antenatal corticosteroids from 10% to 45%, but they found an increase in mortality in exposed patients of 12.7% (from 23.9 deaths per 1000 live births to 27.4 deaths per 1000 live births; P = .01). There was also an increase in the incidence of maternal infection (RR, 1.45; 95% CI, 1.33---1.58). A secondary analysis by these authors suggested that the increase in mortality was associated with deaths due to bacterial infection (RR, 1.36; 95% CI, 1.12---1.65). 27 In our patients at the HCGJIM, we found that the risk of death due to bacterial infection increased as gestational age decreased (RR, 1.17; 95% CI, 1.09---1.26), and found no correlation with the use of antenatal corticosteroids (RR, 1.34; 95% CI, 0.81---2. 20) .
Similar to what we found in our patients, Sasaki et al. 10 described a frequency of corticosteroid use in preterm newborns delivered before 34 weeks' gestation of 40.6% and a significant reduction in neonatal mortality, with no associated reduction in the incidence of RDS. When they analysed outcomes based on mode of delivery, they found that administration of antenatal corticosteroids was associated with a reduced risk of RDS in newborns product of vaginal deliveries. In our study at the HCGJIM, when we adjusted the analysis of outcomes based on mode of delivery we found no changes in the risk of RDS (OR, 1.12; 95% CI, 0.82---1.53).
The main limitation of this study is the low number of patients that completed the full course of antenatal corticosteroids or with latency periods of 48 h or greater. Given that we only included patients born preterm that required admission at birth, it is possible that there was selection bias; however, we ought to note that all patients born before 34 weeks' gestation or with low birth weight were admitted to the unit.
